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INTELLIGENT MEDIA CACHING BASED ON
DEVICE STATE

TECHNICAL FIELD

This disclosure relates to portable media devices and tech-
niques for operating portable media devices.

BACKGROUND

Portable media devices are commonplace and widespread
in their use. These devices allow users to store and play
movies, music, video games, and other types of media. The
devices come 1n many shapes and configurations, and offer a
wide variety of functionality. Some portable media devices
are dedicated to a particular function, such as music players
(e.g., MP3 players) and personal video players. Others sup-
port multiple functions, such as cellular phones and PDAs
(portable digital assistants) that are additionally configured to
store and playback music or videos.

Portable media devices are commonly equipped with solid
state memory (e.g. non-volatile RAM (random access
memory ) or flash memory) to store the media. However, these
devices are limited 1n the amount of media that can be stored.
To 1increase storage capacity, portable media devices can be
equipped with hard disk memory that 1s capable of holding
large quantities of media, such as full-length movies and
music libraries. The drawback of using hard disk memory 1s
that accessing content 1s slower and less responsive in com-
parison to solid state memory. Thus, users may encounter
noticeable delays between the time they select play and the
time music 1s heard or video seen, resulting potentially 1n an
unsatisfactory user experience. Additionally, accessing con-
tent on the hard disk memory typically consumes more power
than accessing content 1n solid state memory.

Designers of portable media devices are therefore faced
with a number of competing design challenges, including
maximizing battery life, providing a responsive user interface
for a satisfactory user experience, and supporting extended
periods of playback without accessing the hard disk memory.
Designers have been generally resigned to satisiying one or
possibly two of these challenges, while sacrificing the others.
But, with each generation of devices, consumers demand
more.

Accordingly, there continues to be a need for improved
designs of portable media devices that strive to meet all of
these challenges.

SUMMARY

A portable media device intelligently caches media based
on device state. The portable media device has a hard disk
memory to store the media (e.g., music, videos, movies,
games, etc.) and a cache memory. When the device1s in a state
ol user interaction (e.g., the user 1s navigating a menu or
playlist, previewing media items such as songs or videos, and
so forth), the portable media device caches many snippets of
different media items stored on the disk memory. This enables
the device to respond quickly to user input and provide instant
playback as the user navigates items in the playlist. Con-
versely, when the device 1s 1n a playback state (e.g., the user
has selected a specific media item and ceased interacting with
the device for a period of time, or has locked the user inter-
face), the portable media device caches as much contiguous
data from the selected media item 1n the playlist as possible.
With intelligent caching, the portable media device offers
higher reliability and a more responsive user interface for an
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enhanced user experience while minimizing disk access,
thereby conserving power and maximizing battery life.

BRIEF DESCRIPTION OF THE CONTENTS

The detailed description 1s described with reference to the
accompanying figures. In the figures, the left-most digit(s) of
areference number 1dentifies the figure 1n which the reference
number {irst appears. The use of the same reference numbers
in different figures indicates similar or 1dentical 1tems.

FIG. 1 illustrates a portable media device that implements
intelligent media caching.

FIG. 2 1s a block diagram 1llustrating selected components
of the portable media device.

FIG. 3 illustrates an exemplary implementation of intelli-
gent media caching when the device 1s 1n a first state.

FIG. 4 1llustrates an exemplary implementation of intelli-
gent media caching when the device 1s 1n a second state.

FIG. 5 1s a flow diagram of a process for intelligently
caching media according to device state.

DETAILED DESCRIPTION

This disclosure 1s directed to a portable media device with
hard disk memory to store media (e.g., movies, videos, music,
video games, etc.). To promote higher reliability and maxi-
mize battery life, the portable media device caches portions of
the media 1n a cache memory. The portable media device 1s
implemented with mtelligent media caching that caches dii-
ferent media items depending upon device state. The choice
of which media 1tems to cache 1s made to anticipate those
items that the user 1s most likely to request as a result of the
device being 1n various operation states. For instance, the
device may fill the cache memory with samples or previews of
many media files when the device 1s 1n one state, and fill the
cache memory with a single media file when the device 1s 1n
another state.

In one described implementation, the device state 1s deter-
mined by how likely the user 1s expected to interact with the
device. One proxy for discerning device state 1s to check
whether the user has unlocked or locked the device’s user
interface (UI), although there are other ways to ascertain
device state, as will be described below. When the user 1s
likely to interact with the device (e.g., the Ul 1s unlocked), the
portable media device caches small snippets of media items in
aplaylist (e.g., small introduction portions of song or videos).
This provides enhanced responsiveness to the user’s naviga-
tion and selection entries, allowing the user to quickly pre-
view choices.

When the user 1s unlikely to further interact with the device
(e.g., the user has made a selection, locks the Ul, and now
wishes to listen or watch), the portable media device fills the
cache memory with contiguous data of the selected media
item. F or instance, the device caches most or all of the
currently selected title and 11 space 1s available, any portion of
the next title on the playlist. This provides higher reliability as
the playback 1s from the cache memory and additionally
prevents any disruption to performance that might result from
accidental contact with buttons on the device aiter play has
begun. Accordingly, with intelligent caching, the device 1s
able to satisty competing goals of providing extended periods
of playback with no disk access, maximizing battery life, and
providing a responsive Ul for an enhanced user experience.

Intelligent media caching may be implemented 1n any
number of portable media devices. For discussion purposes,
one exemplary configuration of a portable media device 1s
described below. However, other configurations may be used,
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including portable digital assistants (PDAs), cellular phones,
audio players, video players, handheld computers, notebook
computers, digital cameras, laptop computers, and the like.

Portable Media Device

FIG. 1 shows a portable media device 100 configured as a
Portable Media Center™ device supported by Microsoit Cor-
poration. The device 100 1s a multifunction device that 1s
capable of playing music and videos, depicting digital photos,
downloading content from the Internet, and the like.

Device 100 has a body or casing 102 and a display panel
104 mounted centrally of the casing 102. The display panel
104 1s a flat panel, color display with suilicient resolution to
depict digital images or motion video. The display panel may
optionally be implemented with an overlaid touch screen to
tacilitate user input. The display panel may be implemented
using different technologies, including LCD (liquid crystal
display), OLED (organic light emitting diode), plasma, and
DLP (digital light processing).

Function control buttons 106 are positioned left of the
display panel 104 to support user control of the device 100. In
the 1llustrated implementation, the control buttons 106
include four directional buttons and an entry key. Shuttle
control buttons 108 are positioned right of the display panel
104 to facilitate media playback. One or more other buttons
may also be provided to permit control of other functions,
such as volume, brightness, contrast, and so forth. It 1s noted
that the device 100 1s just one exemplary implementation, and
that other configurations and physical layouts, with more or
less buttons and features, may be used.

The display panel 104 (and optional touch screen) and
buttons 106 and 108 provide a user intertace (Ul) to facilitate
user interaction with the device 100. The screen shows play-
lists and menu options, while the hard or soft-key buttons
facilitate navigation of the menu, selection of items on the
menu, and entry of control commands (e.g., shuttle controls,
volume, etc.). A Ul lock switch 110 may also be exposed on
the device 100 to allow the user to lock the UI. Alternatively,
the Ul may be locked in response to other mechanical actions,
such as closing a lid (not shown) on the device. When the UI
1s locked, any activation of the buttons 106 and 108 (and any
soit keys 11 equipped with a touch screen) 1s ignored. Locking
the UI helps prevent accidental button activations from effec-
tuating unwanted changes. For instance, when the user 1s
jogging, she might lock the Ul to prevent umintentional play
stoppage due to a button being jarred or jiggled. As another
example, a student may start playing a music playlist and then
want to put the device 1n his backpack for a walk to school.
Locking the Ul ensures that when the buttons are jostled 1n the
backpack, any activation 1s ignored to prevent unwanted stop-
page or skipping of titles.

The portable media device 100 may be characterized as
having different device states. In one implementation, two
device states are defined. A first or interactive device state
occurs when the user is likely to interact with the device. The
Ul 1s active and ready to receive user mput. In a second or
inactive device state, the user 1s unlikely to be interacting with
the device. The Ul can be locked 1n this mactive device state
to prevent accidental activation of the buttons.

Switching among device states can be achieved 1n a num-
ber of ways. One approach 1s to toggle between two device
states using the mechanical Ul lock switch 110. Pressing or
sliding the switch 110 to a first operational position unlocks
the U, allowing the device to operate 1n the interactive state.
Alternatively, moving the switch 110 to a second operational
position locks the Ul, transitioning the device to the mactive
state. Apart from mechanical switches, another approach to
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changing device states 1s to allow user selection via soft-keys
or other visual controls that are depicted as part of a graphical
user interface on the display panel. Activity time-out may be
another approach to change device states, where a period of
iactivity triggers a transition from the interactive device state
to the 1nactive device state.

FIG. 2 shows selected components of the portable media
device 100 in more detail. It includes one or more microcon-
trollers or processors 202, a program memory 204 (e.g.,
ROM, flash, NVRAM, etc.), a cache memory 206 (e.g.,
RAM), a hard disk memory 208, a user interface 210, output
components 212, and a battery 214. The processor(s) 202 may
include general-purpose processors and/or special-purpose
processors, such as graphics processors. It 1s noted that other
configurations are possible. For instance, the cache memory
206 may be included as part of program memory 204 (rather
than separate as shown).

Instructions stored in program memory 204 are executed
by the processor(s) 202. In this illustration, an operating
system 220 and an 1ntelligent media caching program 222 are
stored 1n program memory 204 and executed on the processor
(s) 202.

The battery 214 supplies power to the components of the
media device 100. The battery 214 1s preferably a recharge-
able battery, such as a lithium-based battery.

The disk memory 208 stores media 224. There are many
types of media, including video content (e.g., movies, TV
programs, home videos, etc.), music content, digital photos,
video games, and the like. The media 224 1s stored as indi-
vidual files that can be accessed and played by processor(s)
202. The disk memory 208 has suilicient capacity to store
many media files, and has substantially more storage capacity
than cache memory 206. For instance, 1n certain implemen-
tations, the disk memory 208 may hold a library of music
titles or short video clips, whereas the cache memory 206
stores several seconds of a song or a video clip.

Cache memory 206 1s suificiently sized to hold snippets or
portions of multiple media files 224, or contiguous media
within one or more sequential files. During play, the processor
202 reads from the cache memory 206. As media 1s read out
for processing, other media 1s read from the disk memory 208
and placed in the cache memory 206. In this manner, any
disruption to disk operation caused by activity (e.g. jogging,
skiing, etc.) will not affect performance.

The user interface (UI) 210 facilitates user interaction with
the device. Ul 210 includes a graphical user interface depicted
on the display panel 104, and hard-key buttons 106-110 that
allow user control. It might also include a touch screen over-
laid on the display panel 104. With the UI 210, a user can
browse through playlists of the media 224 stored 1n the disk
memory 208 and select individual media 1tems for playback.
The output components 212 generate the audible sounds or
visible images when the media items are played. These com-
ponents might include, for example, audio outputs (e.g.,
speaker, speaker output port, etc.), display outputs, and/or the
display panel 104.

The media caching program 222 intelligently caches dif-
ferent media 1tems depending upon device state. In one
implementation, the device 100 caches snippets of many
media files when the Ul 1s not locked and the user 1s likely to
be navigating through the media files. The device caches as
many media snippets as will fit in the cache memory 206. As
the user browses various media 1tems and chooses 1tems for
preview, the currently selected item begins playing almost
instantly from the cache memory 206 1n response to the user
request. By caching media snippets while 1n this first device
state, the device eliminates the noticeable delay time needed
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to access the disk memory. Thus, the device 1s more respon-
stve to the user, resulting 1n an enriched user experience.

When the Ul 1s locked and the device 1n an inactive state,
the device 100 caches contiguous data from the media file
currently selected on the playlist. The device fills the cache
memory 206 with as much of the media file as possible. IT
space 1s still available, the device continues filling the cache
memory 206 with sequential data from the next media file in
the queue.

By intelligently caching different media items depending
upon device state, the device provides extended play without
accessing the disk. This promotes higher reliability of play-
back when the user 1s actively moving about. Additionally,
with fewer disk accesses, battery life 1s maximized and the
device 1s responsive to user navigation and previewing of
media items.

While two device states are described in this implementa-
tion, more than two device states may be defined in different
operating environments. In such implementations, different
caching schemes are defined for each state. For instance, the
device may be characterized as having three device states: a
first state during user interaction, a second state during a lull
in the interaction, and a third state when the user has ceased
interacting with the device for the time being. These states
may be associated with time intervals, where the first state
involves a 30 second interval following any user input to the
device, the second state 1s an interval between 30 and 90
seconds, and the third state begins 90 seconds after the last
user interaction. In the first state, the device may cache snip-
pets of many media items. In the second state, the device may
cache more of the currently selected item, while also possibly
caching larger portions of media items before and after the
currently selected 1tem. In the third state, the device caches as
much of the currently selected 1tem as possible.

Intelligent Caching

FIGS. 3 and 4 illustrate an exemplary implementation of
intelligent media caching for the portable media device
depending upon the device’s state. FIG. 3 shows one caching
scheme when the device 1s 1n a first state and FIG. 4 shows
another caching scheme when the device 1s 1n a second state.

In FIG. 3, the portable media device 100 1s in a first or
interactive state in which the user 1s currently interacting, or
has recently interacted, with the device. This 1s exemplified
by a playlist of media titles presented on display panel 104.
The user navigates the playlist via a focus bar 302. Details of
the media title that 1s highlighted by the focus bar 302 (e.g.,
media title 4) are presented 1n the lower, right-hand portion of
the screen. Color graphics, video clips, and the like may
turther be depicted on the screen to enhance the user experi-
ence.

The intelligent media caching program 222 detects the
interactive device state and caches short samples from as
many media files as will it in cache memory 206. In this
example, there are N media files 304(1)-304(N) stored on
disk memory 208 and the cache memory 206 has capacity to
store K media file samples or snippets (MFS) 306(1)-306(K).
As the user navigates the media list, corresponding media
samples are pulled immediately from the cache memory 206
to provide instant playback to the user. In this manner, the user
can browse and preview media 1items with the same rapid
gratification as channel surfing on a television, or changing
stations on a radio.

If the user decides to let a media title play on, exhausting
the cached snippet, other portions of the file are accessed on
the disk memory 208 to provide continuous and ongoing
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playback. Additionally, more of that particular media file may
be cached to facilitate ongoing playback.

In FIG. 4, the portable media device 100 1s transitioned to
a second or mactive device state 1n which the user has ceased
interacting with the device. This transition may be triggered
by the user locking the Ul via lock button 110, or as aresult of
an activity time-out, or by some other mechanism or soft-
ware-based event. The change 1n device state 1s demonstrated
by the change 1n screen display, where display panel 104 now
depicts a feature box 402 that 1dentifies a current media title
being played. For instance, the media might be an audio song
file, and hence the feature box 402 shows the song title, artist
name, album title, length of song, and so forth.

The intelligent media caching program 222 detects the
inactive device state and caches contiguous data from the
selected media file 1n the cache memory 206. In this example,
the user has selected media file 4. All or as much of media file
4 1s read from disk memory 208 and stored 1n cache memory
206. If the media file 1s smaller than the capacity of the cache,
the media caching program 222 may cache the beginming
portion of the next media file that would follow sequentially
absent user intervention. Here, part or all ofmedia file 5 1s also
placed mto cache memory 206. During playback, the media
file 4 1s played from the cache memory 206, followed by
media file 5. In this manner, the device limits the number of
disk accesses to playback the media title. As data 1s read from
the cache memory, the device continues to cache the next
contiguous portions of the media files to replenish the cache.
By reading from the cache memory 206, the device 100
prevents disk access problems caused by activity from dis-
rupting performance of the playback.

FIG. 5 shows a process 500 for intelligently caching media
according to device state. The process 300 1s illustrated as a
collection of blocks 1n a logical flow graph, which represent a
sequence of operations that can be implemented 1n hardware,
software, or a combination thereotf. In the context of software,
the blocks represent computer instructions that, when
executed by one or more processors, perform the recited
operations.

For discussion purposes, the process 500 1s described with
reference to the portable media device 100 and architecture
shown 1n FIG. 1. It 1s noted that the process 500 may be
implemented by other devices and architectures.

At block 502, the device state 1s determined. In one 1mple-
mentation, the intelligent media caching program 222 ascer-
tains whether the Ul 1s locked or unlocked. This may be done
by checking the position of lock button 110. If unlocked, the
device 1s 1n a first or interactive state; whereas 1t locked, the
device 1s 1n a second or mnactive state. Alternatively, the device
state may be dictated by an activity time-out. For instance, the
device may be deemed to have switched from the interactive
state to the 1nactive state when a preset time period (e.g., 90
seconds) elapses without user interaction.

If the device 1s 1n an 1nteractive state (1.e., the “Interactive”
branch from block 504), short samples of many media items
are cached (block 506). The intelligent media caching pro-
gram 222 extracts portions ol multiple media files 304 1n the
disk memory 208 and stores them 1n the cache memory 206.
This 1s illustrated 1n FIG. 3, for example, where K media file
samples 306(1)-306(K) are read from disk memory 208 and
stored 1n the cache memory 206. While the user 1s interacting
with the device (e.g., navigating menus, previewing selec-
tions, etc.), the device plays the media snippets from the cache
memory 206 to provide instant playback to the user (block
508).

On the other hand, if the device 1s 1n an nactive state (1.e.,
the “Inactive” branch from block 504), contiguous data from
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a media file on the playlist 1s cached (block 510). The intel-
ligent media caching program 222 fills the cache memory 206
with as much contiguous data from a current media file as the
memory can hold. Thas 1s illustrated 1in FIG. 4, for example,
where all or most of at least one media file 4, and at least part
of the next media file 5, are read from the disk memory 208
and stored 1n the cache memory 206. The device plays the
data from the cache memory 206 as next contiguous data
portions are read from the disk memory to replenish the cache

(block 512).

The above process 500 1s described in the context of two
device states: interactive and inactive. However, the device
may be configured with more than two device states. With
cach device state, a corresponding caching heuristic may be
defined. In this manner, as the portable media device 1s oper-
ated 1n different states, different media items are cached 1n the
cache memory to provide a responsive user interface for a
better user experience, higher reliability, maximize battery
life, and support extended periods of playback without
accessing the hard disk memory.

CONCLUSION

Although the mmvention has been described 1n language
specific to structural features and/or methodological acts, 1t 1s
to be understood that the invention defined 1n the appended
claims 1s notnecessarily limited to the specific features or acts
described. Rather, the specific features and acts are disclosed
as exemplary forms of implementing the claimed invention.

What 1s claimed 1s:

1. A portable media device comprising:

a disk memory to locally store media desired for playback
by a user;

a cache memory;

a processor coupled to the disk memory and the cache
memory; and

a media caching program executable on the processor to
adopt different caching policies 1n caching media 1tems
stored 1n the disk memory depending upon a determina-
tion by the portable media device 1n response to a user
input indicative of whether the user 1s likely to be inter-
acting with the portable media device, wherein:

the portable media device comprises a first state where
the portable media device determines that the user 1s
likely to be iteracting with the portable media device
and a second state where the portable media device
determines that the user i1s unlikely to be interacting
with the portable device; and

the media caching program caches portions of multiple
media files 1n the cache memory if the portable media
device determines that 1t 1s at the first state and caches
as much of contiguous data from at least one media
file 1n the cache memory as possible 1f the portable
media device determines that it 1s at the second state.

2. A portable media device as recited 1n claim 1, wherein
the media comprises one of audio data, video data, and video
game data.

3. A portable media device as recited 1n claim 1, wherein
the portable media device determines that 1t 1s 1n the second
state after a time period has lapsed since the user last inter-
acted with the portable media.

4. A portable media device as recited in claim 1, further
comprising a user interface to facilitate the user’s interaction
with the portable media device, wherein the portable media
device 1s set to the first state of the portable media device

10

15

20

25

30

35

40

45

50

55

60

65

8

when the user interface 1s unlocked and 1s set to the second
state of the portable media device when the user interface 1s

locked.

5. A portable media device as recited in claim 1, further
comprising a user interface to facilitate navigation of a play-
l1st and selection of a particular media 1tem from the playlist,
wherein the media caching program caches snippets of mul-
tiple media 1tems 1n the playlist when the user 1s navigating
the playlist and caches the particular media 1tem when the
user ceases navigation of the playlist and selects the particular
media 1tem.

6. A portable media device as recited 1in claim 1, embodied,
as a portable device selected from a group of portable devices
comprising a cellular phone, a portable digital assistant, an
audio player, a digital video player, and a handheld comput-
ing device.

7. A portable media device comprising;

a disk memory to locally store multiple media files that are

desired for playback by a user;

a cache memory;

user 1nterface to facilitate navigation and playback of the

media tlies stored in the disk memory, the user interface
being alternately locked and unlocked to prevent unin-
tended user interaction with the portable media device;

a processor coupled to the disk memory, to cache memory,

and the user interface; and

a media caching program executable on the processor to

cache portions of multiple media files 1n to cache
memory when the user interface 1s unlocked and to
cache contiguous data from at least one media file 1n to
cache memory when to user interface 1s locked.

8. A portable media device as recited in claim 7, further
comprising a mechanism to alternately lock and unlock the
user interface.

9. A portable media device as recited 1n claim 7, wherein, 1n
an. event the cache memory has unused storage capacity after
the at least one media file 1s cached, the media caching pro-
gram caches contiguous data of a next media file following
said at least one media file.

10. A portable media device as recited 1n claim 7, wherein,
in response to navigation of the media files, the processor
plays the cached portions to allow the user to quickly preview
the media files.

11. A portable media device as recited 1n claim 7, wherein
the processor plays the contiguous data from the cache
memory while concurrently caching subsequent data from
said at least one media file 1n the cache memory.

12. A computer-readable media storing computer-execut-
able instructions that, when executed by a processor, perform
acts comprising:

determining a current state of a portable media device

based on a user input indicative of whether or not a user
1s likely to be interacting with the portable media device,
wherein:

the state of the portable media device comprises:

a first state that 1s associated with user interaction with
the portable media device; and

a second state that 1s associated with lack of user
interaction with the portable media device; and

the user input comprises:

a lock action and an unlock action facilitating, via a
user interface of the portable media deice, the user
interacting with the portable media device such that
the first state 1s determined when the unlock action
1s performed and the second state 1s determined
when the lock action 1s performed;
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caching portions of multiple different media 1tems when
the portable media device determines that 1t 1s 1n the first
state; and

caching contiguous data from a particular media item when
the portable media device determines that 1t 1s in the 3
second state.

13. A computer-readable media as recited i claim 12,

wherein the determining comprises:

monitoring how much time has lapsed since the user last .
interacted with the portable media device; and

identifying the state of the portable media device by com-
paring the lapsed time against a predetermined thresh-

old.

10

14. A computer-readable media as recited 1 claim 12,

wherein the determining comprises:
detecting a software generated event that specifies a tran-

sition between the first and second states:; and
identifying the state of the portable media device on the
basis of the detected software generated event.
15. A portable media device comprising:
a disk memory to store the media items;

a cache memory;
the computer-readable media as recited 1n claim 12; and

a processor to execute the mstructions stored on the com-
puter readable media.
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